I. INTRODUCTION
The scandium molecule Sc 2 is the simplest of all first row transition metal neutral diatomics being a six "valence" electron system. This simplicity, however, is rather deceiving given the fact that after a time period of 45 years of both experimental and theoretical work, even its ground state is not known with certainty ͑vide infra͒.
The heart of the problem is the very large number of molecular ͉ 2S+1 ⌳ g,u Ϯ ͘ states, the result of low-lying high spin and orbital angular momentum atomic Sc terms. 
Considering as well the spin-orbit interaction we would be enmeshed in a computational nightmare. This is the reason that even our best ab initio state-of-the-art quantum mechanical methods combined with current computer technology are not powerful enough to tackle satisfactorily this kind of problems. The electronic configuration of the ground state of Sc͑ 2 D g ͒ precludes any strong bonding interaction other than van der Waals ͑vdW͒ ͑vide infra͒, therefore well bound states should stem from the next dissociation channels, e.g., Sc͑ 2 D g ͒ +Sc͑a 4 F g ͒. In what follows we outline in chronological order the existing literature on Sc 2 . The very first study published in 1964 was a mass spectrometric absolute entropy method determination of the dissociation energy, D 0 0 = 25.9Ϯ 5 kcal/ mol, with respect to ground state atoms. 2 As to the experimental dissociation energy of Sc 2 , however, the situation is more complex. In the Huber-Herzberg compilation of 1979 ͑Ref. 3͒, a D 010." Nevertheless the absolute entropy formula used to deduce D 0 0 ͑Ref. 2͒, in addition to the measured parameters pertaining to this spectroscopic thermochemical method, requires the bond length and the logarithms of the electronic and vibrational partition functions ͑ln Q e ,ln Q v ͒ of the diatomic species at the temperature of the experiment; see, for instance, Ref. 5 . For Sc 2 , in particular, Verhaegen et al. 2 assumed a vibrational frequency of 230 cm −1 from which a r e = 2.70 Å was inferred through Badger's rule, 6 turned out to be very reasonable ͑see below͒. On the contrary, the adopted "effective quantum weight of 5" for the partition functions 2 should be significantly larger considering that the experiment was done at 2000 K. Because the partition functions enter the D 0 formula with a negative sign, an error by +1 in the ln Q e function reduces the binding energy by RT In the first density functional theory ͑DFT͒-local spin density approximation ͑LSDA͒ study of Sc 2 ͑and all 3d transition metal homonuclear diatomics͒, Harris 
An analysis of the magnetic circular dichroism spectrum and magnetization properties of Sc 2 ͑Ref. 21͒ supports the ESR findings ͑Ref. 15͒ that the ground state is of 5 
Haslett et al. 22 recalculated the dissociation energies of Fe 2 , Sc 2 , Ti 2 , and Mn 2 from previously reported mass spectrometric data and available molecular parameters using, in addition to two other methods, a LeRoy-Bernstein approach. 23 Through the latter they established a 29 These workers examined ten states singlets, triplets, quintets, and septets 2 , it is clear that a more systematic and appropriate theoretical approach is needed with the hope to obtain some definitive answers. To this end, we have performed mainly MRCI calculations on 32 states of Sc 2 using large correlation consistent basis sets. Section II gives some technical details followed by Sec. III, on results and discussion, whereas a short summary is presented in Sec. IV.
II. COMPUTATIONAL APPROACH
For all calculated states and corresponding PECs, the correlation consistent basis set of quadruple cardinality was used, cc-pVQZ͑=4Z͒, generally contracted to ͓8s7p5d3f2g1h͔ ͑Ref. 30͒ comprising 208 spherical Gaussians. For two states, 5 ⌺ u − and 3 ⌺ u − , the quintuple cc-pV5Z͑=5Z͒ basis similarly contracted to ͓9s8p6d4f3g2h1i͔ was employed as well. 30 The internally contracted variant of multireference configuration interaction approach, complete active space selfconsistent field ͑CASSCF͒ + single+ double replacements ͑CASSCF+1+2=MRCI͒, as implemented in the MOLPRO 2006.1 and 2008.1 codes, was used for all calculations. 31 The CASSCF wave functions were constructed by allotting the six valence electrons ͑4s 2 3d 1 ϫ 2͒ to 18 orbitals ͓1͑4s͒ +5͑3d͒ +3͑4p͔͒ ϫ 2 under D 2h symmetry constraints. Reference wave functions comprise 17 000-40 000 configuration functions ͑CFs͒ with corresponding valence MRCI expansions ranging from 34 to 67ϫ 10 6 CFs internally contracted to about 1.8-3.1ϫ 10 6 CFs. For the 5 ⌺ u − symmetry only, restricted coupled-cluster+ singles+ doubles+ quasiperturbative connected triples ͓RCCSD͑T͔͒ ͑Ref. 32͒ calculations were performed at both valence and core-valence level. In the latter calculations the 3s 2 3p 6 semi-core electrons were taken into account in conjunction with an appropriately enlarged cc-pwCVQZ͑=C4Z͒ basis set contracted to ͓10s9p7d4f3g2h͔. 33 The purpose of the CC calculations was to assess the effect of the 3s 2 3p 6 electrons on D e and r e values in the 5 ⌺ u − state. In addition, the effect of scalar relativistic effects on the 5 ⌺ u − and 3 ⌺ u − states was examined at the valence MRCI level through the second order DouglasKroll-Hess approach 34, 35 coupled with the appropriately recontracted 4Z basis set. 33, 36 Table I . At interatomic distances shorter than 6 bohr, local minima are developed due to numerous avoided crossings coming in from higher dissociation channels; see Fig. 1 29 This is the reason of selecting, in addition to the obvious choice of the 5 ⌺ u − state, the 3 ⌺ u − to be investigated presently.
III. RESULTS AND DISCUSSION
5 ⌺ u − . The leading MRCI equilibrium configurations and corresponding Mulliken atomic populations per Sc atom are 11 ⌸ u , is bound by ϳ30 kcal/ mol at the MRCI͑+Q͒ / aug-cc-pVQZ level, "isovalent" to Sc 2 as to the 4s 2 −4s 1 distributions. In the present case the populations suggest that the 3d z 2 electron is localized ͑0.5+ 0.5 on each atom due to the inversion symmetry͒, the ͑4s4p z ͒ 1.5 polarization facilitates the interaction, whereas a small electron 3d −4p delocalization strengthens the bond formation.
At 
